We consider the semiclassical states of the Schrödinger-Poisson system: -ε
Introduction and main result
We are concerned with the nonlinear Schrödinger-Poisson system
where λ >  and ε > . The system arose in the interaction of a charged particle with the electrostatic field and the term λφv concerns the interaction with the electric field. For more background, we refer to [-] . One of the most interesting classes of solutions to (.) is the class of solutions with the finite energy for ε >  small. In the view of quantum mechanics, these solutions are called bound states; they are referred to as semiclassical states.
In this paper, we are concerned with the existence and concentration of bound states of (.) as ε → . If λ = , system (.) reduces to the Schrödinger equation
In the past decades, there has been considerable attention to solutions of (.). , the author constructed multi-peak solutions of (.) for any several given isolated local minimum components of V . Precisely, assume that V satisfies:
and f satisfies the Berestycki-Lions conditions:
For any k >  and any i ∈ {, , . . . , k}, let
, which satisfies:
up to a subsequence) locally uniformly to a least energy solution of
By (f  ) the problem in [] is of subcritical growth. More recently, Zhang [] considered the single-peak solutions of (.) in the critical case. Assume that f satisfies:
By using a similar argument to [], in [] the author obtained a single-spike solution of (.) around the local minimal point of V . Motivated by the work above, we are interested in the multi-peak solutions of (.) with a general nonlinear term in the critical case. Now, we state our main result of the present paper as follows.
Theorem . Let p >  and suppose that (V)-(V) and (F)-(F). Then for any λ >  and sufficiently small
satisfies:
and w ε (x) ≡ v ε (εx + x i ε ) converges (up to a subsequence) locally uniformly to a least energy solution of
Remark . Without loss of generality, in the present paper we can assume that
•
• C, c are positive constants, which may change from line to line.
Proof of Theorem 1.1
First, we introduce some results about the solutions of the limit problem (.). For each  ≤ i ≤ k, as we can see in [] , with the same assumptions in Theorem ., (.) admits a least energy solution U for any m i >  and U satisfies Pohozaev's identity
and so R  |∇U|  dx = E i . Moreover, the least energy E i is corresponding to a mountain path value. Let S i be the set of least energy solutions U of (.) satisfying U() = max x∈R  U(x). For each i ∈ {, , . . . , k}, we have the following proposition.
x ∈ R  for |α| = , .
By the Lax-Milgram theorem, for any
Then the system (.) is equivalent to
In the following, we consider (.) instead of (.). Let H ε be the completion of C
with respect to the norm
. Now, we summarize some properties of φ u .
Proposition . ([, ]) For any u ∈ H
is continuous, and maps bounded sets into bounded sets.
In the following, we use the truncation argument to prove Theorem .. A similar argument can be found in [] . Since we are concerned with the positive solutions of (.), from now on, we assume that f (s) =  for all s ≤ . By the maximum principle, any nontrivial solution of (.) is positive. Let κ = max ≤i≤k {κ i }, define f j (t) = min f (t), j , t ∈ R for any fixed j > max t∈ [,κ] f (t). Consider the following truncated problem:
In the following, we prove that (.) has a solution u ε satisfying u ε ∞ ≤ κ for ε small. So we can show that u ε is the solution of the original problem (.). Now, for each  ≤ i ≤ k, we consider the limit equation of (.), 
which implies that
for some 
where
So by the scaling, we have
Similarly, we consider the problem
Then we can get
If not, by a scaling, we have
which is in contradiction with W (v j ) = M j . Thus, ϒ(v j ) =  and v j is a minimizer of (.). By Lemma  in[] again, we get u j ∈ S m . The proof is completed.
Completion of the proof for Theorem .:
Proof For some fixed j > max t∈ [,κ] f (t), we adopt some ideas in [] to construct the multibump solutions of the truncation problem (.). For any set B ⊂ R  and ε > , set B ε ≡ {x ∈ R  : εx ∈ B} and B δ ≡ {x ∈ R  : dist(x, B) ≤ δ}.
Fixing an arbitrary μ > , we define
Now, we construct a set of approximate solutions of (.). Let
We fix a β ∈ (, δ) and a cut-off ϕ ∈ C ∞  (R  ) such that  ≤ ϕ ≤ , ϕ(x) =  for |x| ≤ β and ϕ(x) =  for |x| ≥ β. Let ϕ ε (y) = ϕ(εy), y ∈ R  . For each i ∈ {, , . . . , k} and some 
